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Introduction
The lipophilic character of a series of chemical compounds is often the most important physicochemical property accounting for variations in biological activity. In biological systems, lipophilicity largely determines the solubility of compounds in biological fluids, penetration of biological membranes or accumulation in the organism, etc. [1] [2] [3] . At the same time, lipophilicity plays an important role in the biodynamic and toxicological profile of an active substance [4] [5] [6] [7] .
The basic experimental method for the determination of lipophilicity is based on the partition of a molecule into a system of two immiscible phases (aqueous and non-aqueous). Practically, this is performed using the traditional shake-flask procedure with subsequent determination of the concentrations of the compound in both phases. Although different solvents were investigated for this purpose, the octan-1-ol/water system remains the most popular model [7] . Using this approach, the lipophilicity of a compound is expressed as the logarithm of the partitioning coefficient (logP) obtained in the octan-1-ol/water system. Measurement of the partitioning coefficient using equilibration methods is frequently made difficult, or even impossible, by the impurity or instability of compounds, by a strong preference of a compound for one of the two phases of the system, or by the formation of stable emulsions after shaking. Hence, this complicated approach has recently been nearly completely replaced by modern
Central European Journal of Chemistry
Study of lipophilicity of alpha-asarone derivatives and their deterrent activity against the Colorado potato beetle chromatographic techniques [8] [9] [10] [11] . Among them, HPLC is the leading and the most frequently used chromatographic method for routine determination of lipophilicity, since it enables rapid, accurate and highly reproducible analysis of relatively large sets of samples.
HPLC is usually performed with a high-efficiency bonded reversed phase column. When partitioning from aqueous/organic mobile phases into the standard reversed phase (usually C18 or C8), stationary phases can be used as a direct measure of lipophilicity. In order to cover a wide lipophilicity range, various concentrations of the organic solvent in the mobile phase must be used. Thus, a preliminary estimate of the expected lipophilicity is required in order to choose the appropriate mobile phase composition. Several measurements at different mobile phase concentrations are needed for each compound, and this slows down the process and complicates data processing. In order to compare retention using different organic phase concentrations, they are extrapolated to the same condition, which is normally zero organic solvent concentration.
Apart from experimental methods, there are many possibilities for index estimation based on considerations of molecular structure. A large number of computer software programs and web-based services are able to apply different algorithms to derive lipophilicity parameter values [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
Many low molecular weight active compounds cross biological membranes through passive transport, which strongly depends on their lipophilicity. Lipophilicity is a property that has a major effect on absorption, distribution, metabolism, excretion, and toxicity properties as well as biological activity. Lipophilicity has been studied and applied as an important property of active compounds for decades [24] .
As of now, there are not many studies describing the influence of lipophilicity on deterrent activity in the literature. The biological activity of asarone is known. (Z-) and (E)-asarones, the main components of Acorus calamus Linn, Acorus gramineus Soland, and Guatteria gaumeri, are known to be chemosterilants after vapour treatment, as well as toxic, morphogenetic agents and oviposition stimulants to insects [25] [26] [27] [28] [29] . Park [30] described the insecticidal activities of oil from the Acorus gramineus rhizome containing a mixture of the phenylpropenes (Z)-and (E)-asarone against adult Sitophilus oryzae L., Callosobruchus chinensis L. and Lasioderma serricorne F. Our previous studies present the results of the feeding deterrent activity of alphaasarone derivatives toward storage pests (Tribolium confusum Duv., Trogoderma granarium Ev., and Sitophilus granarius L.) [31] .
The pest causing the most destruction to potatoes in many areas of the world is The Colorado potato beetle, Leptinotarsa decemlineata Say (Coleoptera, Chrysomelidae), which can cause severe losses of tuber production [32, 33] . Because these important pests can easily become resistant to insecticides, it is necessary to develop alternative strategies to manage them more effectively [34, 35] . In addition, these substances are not harmless to the natural environment and often affect beneficial insects as well as other animals or plants. For years, there has been an intensive search for new active substances limiting the population of insects which would be friendlier to the natural environment [36] [37] [38] [39] .
The first aim of the present study is to compare lipophilicity values obtained by a) a calculation method using various software products, b) the shake-flask method and c) the RP-HPLC method using different columns and solvents of 1,2,3-trimethoxy-5-[(1E)-prop-1-enyl]benzene derivatives. The second aim was to assess the influence of the lipophilicity of alphaasarone derivatives on their deterrent activity against the Colorado potato beetle (larvae and adults).
Experimental procedure

Analysed structures
All compounds analysed for lipophilicity and biological activity, alpha-asarone (1) and its derivatives (2-36), are presented in Fig. 1 . Alpha-asarone was purchased from Aldrich. Preparation of compound 2 was achieved by formation of allyl ether from vaniline, Claisen rearrangement followed by Dakin's reaction, and methylation of the phenol formed. Isomerisation of the double bond catalysed by a base (KOH) was the final step. Preparation 3 was achieved by lithiated reaction of 1,2,4-trimethoxybenzene using n-buthyllithium followed by dehydration. Isomers 4-6, homologues 7-12 (group II), 13-19 (group III) and 31-36 (group VII) were synthesized from trimethoxybenzaldehyde. Trimethoxybenzaldehyde was treated with alkylomagnesium bromide to produce the appropriate trimethoxyphenyloalkanol compound. All products except 13-19 were then subjected to dehydration using anhydrous CuSO 4 in toluene. Homologues from group IV-VI were synthesized from dimethoxyhydroxybenzaldehyde. Dimethoxyhydroxybenzaldehyde was treated with alkylomagnesium bromide to produce the appropriate dimethoxyhydroxyphenyloalknol compound. The product was then subjected to dehydration using anhydrous CuSO4 in toluene, followed by reactions with ethyl 4-bromobuthyrate and K 2 CO 3 in DMF (group IV), 3-bromopropene and K 2 CO 3 in DMF (group V) or nicotynoyl chloride hydrochloride in pyridine (group VI).The details of the synthetic methodology and full spectroscopic and chromatographic characteristics of these compounds were described in previous work [31, 32] .
Lipophilicity determination
Calculation methods
The logP values for all compounds were calculated using seven software products [40] [41] [42] [43] (Table 1) 
Experimental shake-flask method
The octan-1-ol/water partition coefficients (logP OW ) were determined by the shake-flask method based on the OECD guidelines [47] , expressed as:
The concentrations of all compounds in water and octan-1-ol phases were determined by HPLC on a C18 column with UV detection. The injection volume was 10 µL and the mobile phase flow rate was 1 mL min -1 . Isocratic elution was performed with methanol-water (M-W) and acetonitrylwater (A-W) mixtures; C18 and C8: M-W (%v/v) and 85:15, 80:20, 75:25, 70:30; 65:35, 60:40, 55:45, 50:50; 50:50, 45:55, 40:60, 35:65; 65:35, 60:40, 55:45, 50:50; 50:50, 45:55, 40:60, 35:65. The logarithm of the retention factor (logk) was calculated using the formula:
RP-HPLC analysis
where t R is the retention time of the compound and t 0 is the dead retention time determined by using a methanol solution of potassium iodide as an unretained compound. Logk values were extrapolated to zero methanol concentration (logk w ) using the Soczewinski and Wachtmeister equation [48] :
where φ is the volume fraction of methanol in the mobile phase, S is the slope of regression plot, and logk w is the chromatographic lipophilicity. 
Biological activity
Insect bioassays-choice test
The tests were conducted according to the classical leaf disc bioassay described by Belles [49] . The adults were collected daily from an unsprayed potato field and newly encysted fourth-instar larvae were obtained from a laboratory colony. For the feeding assays, 1% alcohol solutions of the tested isomers were prepared. Disks (122.46-123.09 mm 2 ) were cut from potato leaves and were dipped in the test solutions or alcohol alone as a control. After the solvent was completely evaporated, the disks were offered to 2 larvae or 2 adults. Control and treated disks were placed at opposite corners in Petri dishes (70 mm) lined with moistened filter paper (choice test). Five replicates of the choice test were conducted for each compound and for each insect life stage. Every compound was tested against 24 larvae and 24 adults in each test. In each replicate, the insects were allowed to feed ad libitum for 24h at 24°C with a 16:8 hours (light : dark) photoperiod. All experiments were conducted from June 20 to July 13, 2011. After 24 h, the remaining uneaten area of each potato leaf disk was measured using a scanner. Based on the amount of food consumed in both tests, deterrence coefficients were calculated using the formula [50]:
where C is the leaf area consumed in the control treatments; T is the treated leaf area consumed for choice experiments. The antifeedant activity of compounds was expressed by the coefficient of deterrence, which ranged from -0.51 to -1.0. In the case of compounds with negligible activity, the total coefficient values are lower than 0.5. However, deterrents with considerable activity have coefficients ranging from -0.51 to -1.0, and they are very good deterrents. Positive T values indicate attractant properties of the compound. The deterrence 
Results and discussion
Study of lipophilicity
Computational methods are powerful in that they are high throughput and provide a prediction of lipophilicity prior to synthesis. Such approaches, however, are database-limited in that the values computed for each structure depend on the information contained in the program library. The approaches used can be categorized as fragmentation-based and whole molecule assessments.
Fragmentation-based methods sum up contributions to lipophilicity from each atom, functional group, or fragment contained within a structure of interest. With such calculations, usually the electronic and resonance contributions are difficult to calculate accurately, and these lead to underestimation of hydrogen bonding. The software calculates lipophilicity contributions according to different internal databases/libraries. Therefore the values of calculated lipophilicity depend on the software used, and the results for individual compounds may be different. This fact and various inter-and intramolecular interactions may cause differences between calculated and experimentally determined lipophilicity.
Seven analytical programs were used for calculations and all calculated parameters are presented in Table 2 . Varying logP values were obtained for compounds 7-36, and in certain cases, the difference was equal to 1.6 (e.g. for compound 29). There was a discrepancy in calculations for positional isomers 1-6. For these compounds, using ACD/logP alone, various logP values were obtained, and in the case of HyperChem, identical logP values were obtained (2.29). This led us to apply experimental methods.
Lipophilicities determined experimentally by the shake-flask method (logP OW ) for all compounds are listed in Table 2 . Depending on the literature source, the range of logP values is limited to the following intervals: from -3 to 3, from -2 to 4, from -1 to 3 or from -1 to 5 [51, 13, 52, 4] . The given references mentioned some difficulties with logP determination for relatively polar or highly lipophilic compounds if the logP value is higher than 4.
The logP OW parameter (2.27-3.09) determined for a series of positional isomers of alpha-asarone (1-6) is a good indication of the influence of methoxyl groups at individual positions in the benzene ring on compound lipophilicity. In the case of the series of homologues, a linear rise in logP was observed as the number of carbon atoms in the alkenyl chain increased. However, due to low water solubility we could not determine logP OW for compounds with long side chains (with 4, 5 and 6 carbon atoms).
Despite the fact that this method is excellent for determining the lipophilicity of positional isomers, it leads to some difficulties like the formation of emulsions, limited solubility, long time of analysis and interference from solvent and solute impurities.
The inability to determine logP for all compounds by the "shake-flask" method has led to the use of chromatographic parameters to model biological lipophilicity [13, 51] .
The logk w parameter obtained from RP-HPLC is a very important lipophilicity parameter. Regular retentive behaviour was observed for each solute on the tested columns. The logk w values of alpha-asarone derivatives decreased linearly with the increasing volume fraction of methanol or acetonitrile in the mobile phase. The logk values obtained for all compounds were extrapolated to pure water (i.e., 0% methanol in the mobile phase) through the use of the Soczewinski and Wachtmeister equation [48] .
Despite differences in absolute values of logP OW and of chromatographic retention parameters logk w , the correlations presented in Table 3 indicate similarities between the properties of the applied chromatographic systems and the reference octan-1-ol-water system. High correlation coefficients of retention data and logP values obtained with the use of various column packings and different organic modifiers are indicative of this.
In order to confirm the suitability of chromatographic data for characterization of the physicochemical properties of substances affecting their deterrent activity, chemometric analysis of retention parameters was conducted. These data were obtained in 10 chromatographic systems with different stationary phases and compositions of the mobile phase for a series of 36 compounds exhibiting varying deterrent activity against the Colorado potato beetle.
Column packings were selected so as to show the interactions of active substances with individual components of the biological system. Retention data obtained on the IAM column reflect processes of substance transport through biological membranes [52, 53] . However, the use of various silica-based packings allows for the modelling of specific partition properties of different biological systems.
The values of chromatographic lipophilicity parameters (logk w ) determined under various chromatographic values are presented in Table 2 .
Analysis of the presented data shows that the logk w values determined on phases C18 and C8 in the presence of methanol are similar, which indicates similar intermolecular interactions of analytes with the column packing. This is similar to the case of the cyanopropyl and phenyl phase in the presence of methanol, which may be the result of donor-acceptor interaction between (Table 3) . Linear correlations were usually obtained between chromatographic lipophilicity logk w and logP values calculated through the use of commercial software. The results of these investigations for positional isomers 1-6 indicate that the computational methods did not always describe experimental lipophilicity well.
In the case of the series of alpha-asarone positional isomers (1-6), the correlation is not as satisfactory as that for the values determined experimentally, chromatographically and by calculation. Attempts to use other software for calculation of lipophilicity parameters did not correlate well with the experimental values. Moreover, the calculated values obtained using different computer programs were not correlated with each other. Values obtained using different programs showed a dispersion caused by different methods of calculation and different assumptions. Due to the logic of the fragmented approach applied here, calculations gave similar values for positional isomers (e.g. ALOGPs: 2.29 and 3.32-3.35, miLogP 2.49 and 2.69-2.89 or KOWWIN 2.82-3.03), while the experimentally determined lipophilicity of these molecules proved to be different (2.27-3.09). The existence of weak intramolecular and intermolecular hydrogen bonding may be the reason for the anomaly. Our data shows that in the case of a series of six homologues (II-VII), the situation is completely different. Retention times of evaluated compounds increase as the number of carbon atoms in the alkoxy side chain increases. As the side alkyl chain was elongated, the logk w , logP OW and logP computed values increased regularly, so there is an evident influence of the methylene group on compound lipophilicity. Each CH 2 group in the side chain increases the lipophilicity of ~0.4-0.5. In many cases, very high correlation coefficients were observed between the computed lipophilicity values for these compounds. This may be due to the fact that the software calculates values as lipophilicity contributions/increments of individual atoms, fragments and pairs of interacting fragments in the chemical structure (increments of carbon and hetero atoms, aromatic systems, and functional groups).
Based on the X-ray analysis for isomers 2 and 5 [56] (Fig. 2) , molecular conformations were determined. Knowledge of the conformation of the benzene ring and side chain and of types of interaction is particularly important in molecular modelling and evaluation of lipophilicity. The geometries of benzene rings in both isomers are slightly different. This is probably due to the different arrangement of methoxy substituents around the benzene ring in both molecules. The C-H-O weak intramolecular hydrogen bonds undoubtedly have an impact on the value of lipophilicity. Isomer 2 exhibited interaction of the two hydrogen atoms of the double bond in the side chain with oxygen atoms of two methoxy groups in the ortho position. In molecule 5, an interaction between one hydrogen atom of the double bond in the propenyl chain and an oxygen atom of the methoxy group in the ortho position and between the hydrogen atom of this group and the oxygen of the meta position methoxy group was observed. The orientation of methoxy groups and their location in relation to the propenyl chain affects the occurrence of intramolecular interactions. Compound 6 (2.77) exhibited the lowest lipophilicity, while compound 5 (3.63) possessed the highest lipophilicity within its individual series of isomers, according to logP OW data.
It can be assumed that in molecule 6, in which methoxy groups are located in the meta and para positions, there is no interaction between oxygen atoms (methoxy group) and the hydrogen atoms of the double bond in the side chain, while the 5 molecule has methoxy groups in the ortho and para positions. Generally, based on the discussion above, we note that intramolecular interactions, especially within isomers of alpha-asarone, play a significant role in the lipophilicity of the compounds discussed. It can be assumed that the determined RP-HPLC logk w data specify lipophilicity within the individual series of compounds. Lipophilicity increases in the following order: 6<1<5<3<2<4.
Compounds with methoxyl groups in the ortho position on the benzene ring relative to the alkenyl chain exhibit greater lipophilicity than those that have these groups in different places. Growth of lipophilicity is also observed as the alkenyl chain increases in length. The introduction of a carboxyl chain in the para position on the benzene ring relative to the alkenyl group reduces the lipophilicity of the compound, but an allyl fragment increases it. No significant differences are observed in the compound where the methoxyl group was replaced with a nicotine group. The lipophilicity of trimethoxyalkenylbenzenes is slightly higher than that of their counterpart hydroxyl derivatives. In general, it should be stated that the results are characterised by high dispersion, which confirms the differences of the retention mechanism in the applied system. (2) and (5), showing interactions between the side chain and methoxy group [56].
Biological assay
Feeding deterrent activity of derivatives of natural alphaasarone compounds was tested against larval and adult Colorado potato beetles (Leptinotarsa decemlineata Say). Biological experiments to determine feeding activity were carried out using choice-tests where insects could choose treated or untreated (control) food. The compounds with R values ranging from -0.51 to -1.0 are very good deterrents, and those with R values higher than -0.50 are weak deterrents. The results from tests with alpha-asarone derivatives against Coleoptera are presented in Table 4 . Analysis of the total deterrence coefficients indicates that the compounds above include both weak and very good deterrents against the tested pests.
The compounds that are the subject of this work were classified into seven groups differing from one another in the position of methoxyl substituents in the benzene ring and in their number, length of the side chain, and substituents in the para position relative to the side chain.
The first group of compounds (group I) includes positional alpha-asarone isomers. It is of interest to note that there are active compounds among the isomers that exhibited strong antifeedant activity against Colorado potato beetle larvae and adults. The behaviour of compounds 1-6 seems to indicate that their antifeedant activity is predominantly related to the presence of the three methoxy groups, and the double bond is also important to biological activity.
In the second group of compounds, with side chains containing from 4 to 9 carbon atoms, no compounds were observed to discourage larvae or beetles from feeding. Compounds 7, 10-12, (containing 4, 7, 8, 9 carbon compounds in the side chain) strongly limited feeding only for larvae (-0.52 to -0.66).
The third group (13-19) differs from the compounds of group II only in that its compounds are intermediate products of synthesis. They do not have a double bond in the side chain and have a hydroxyl group in its place. Four out of the seven compounds in group III, with side chains containing 3-6 carbon atoms (13-16), exhibited very good activity relative to both larvae and beetles.
The fourth group (20-22), containing 3-5 carbon atoms in side chain and an alkoxycarboxyl group in the para position relative to the side chain, exhibited very good deterrent properties against larval and adult individuals.
Three compounds (23, 24, 25) from group V with the allyloxy group in the para position relative to the alkenyl chain exhibit very good deterrent activity relative to adults, and one (26) relative to larvae.
Compounds from group VI (27-30) with a spatially developed nicotine substituent in the para position to the side chain (C3-C5, C8) and compounds from group VII (31-36) with a different system of methoxyl groups (in position 1, 2, 5), with an alkenyl chain from C4 to C9, do not exhibit antifeedant properties relative to adults. From this group, only compounds 30, 33-36 have deterrent properties in the range of -0,51 to -0.64, indicating activity against larvae.
The present studies of deterrent activity show that larvae are more susceptible to the action of asarone derivatives. The 24 substances inhibit feeding of potato beetle larvae, 17 inhibit feeding of adults, and 14 compounds are active against both of these forms.
The results achieved in this work on the deterrent activity of alpha-asarone derivatives against Colorado potato beetle larvae and adults confirm earlier studies on the biological activity of these compounds against other insect species [31, 32] . All the compounds belonging to the alkenylobenzene family possess a methoxy group as a substituent on the benzene ring, and in most cases, an unsaturated double bond between the C3-C4 carbon atoms of the side chain. The activity could be due to the reactivity of the epoxide towards nucleophiles. The reaction of the very active benzylic functions present in all tested compounds with biologically important sulphydryl groups in the cell compartment may play a significant role in the antifeedant mechanisms by which these compounds exert their biological activities.
Lipophilicity and activity
With the results of biological studies at our disposal, quantitative dependencies between lipophilicity and biological activity were determined for the series of studied compounds by means of Principal Component Analysis (PCA). Because of certain limitations of the shake-flask method (for compounds 11, 12, 19-22, 26, 30, 34-36) and numerical methods (for isomers 1-6, and compounds form group II and VII) , the set of RP-HPLC chromatographic parameters determined for all compounds was used for this purpose. The chromatographic column packings selected for determination of chromatographic lipophilicity parameters modelled the interactions of active compounds with individual components of the biological system. Silica-based phases made it possible to model specific partitioning properties of biological elements, and the IAM phase (Immobilized Artificial Membranes) perfectly reflects the processes of substance transport through biological membranes. All parameters obtained measure the essence of the phenomenon itself and are thus correlated to a significant degree, despite the fact that they were determined in different chromatographic systems and by different methods. Nonetheless, each of them introduces certain information on the relative lipophilicity of the substances analysed. The positions of the studied chemical structures on the plane formed by axes PC1 and PC2 are presented in Fig. 4 . Many studies by other authors state a linear [13, 57, 58] or parabolic [14, 59] dependency between biological activity and lipophilicity. In this work, no simple correlations were found between determined lipophilicity parameters and deterrent activity against Coleoptera, which led us to conduct multi-dimensional data analysis using Principal Component Analysis.
The application of Principal Component Analysis on a 10×36 matrix of chromatographic data (logk w determined on various chromatographic columns in methanol and acetonitryle) made it possible to extract two principal components that capture 89.81% and 8.12%, respectively, of the total variance of the retention parameters.
In order to study the similarities among different parameters, a projection of weights on planes defined by principal component pairs was performed. Weight projections of the first two principal components are shown in Fig. 3 . The parameters logk w C8_A_W and logk w IAM_M_W are largely involved in generating the first component, because the absolute values of their weights are the greatest. In turn, the parameters logk w C8_A_W and logk w C18_A_W contribute the most to generating the second component.
Data compression by the PCA method was very effective, because the first two components describe about 97.93% of total data variance. The first principal components, which model a large portion of the data variance, represent the structure of the data best. Fig. 4 shows the positions of compounds in a new coordinate system defined by the first two principal components, which show a non-homogenous data structure. By grouping compounds according to their activity on the PC1 -PC2 plane, four clusters that are not fully separated from each other can be distinguished. Thus, it can be concluded that there are clear differences between individual compounds in terms of the values of measured chromatographic lipophilicity parameters. Compact clusters (Fig. 4) encompassing structures exhibiting specific biological activity can be discerned. Clusters have been marked with the appropriate colours. Cluster I (blue) includes fourteen compounds (1-7, 13-16, 20-22) exhibiting high deterrent activity against Coleoptera larvae and beetles with a deterrent coefficient of -0.51 : -0.89. Compounds limiting the feeding of Coleoptera larvae are included in cluster II (red) (teen compounds: 10-12, 19, 26, 30, 33-36) , cluster III (green) includes three compounds (23-25) limiting feeding of beetles, and cluster IV (black) contains nine substances that do not exhibit deterrent activity. The PCA analysis did not show cases of compounds with positions on the plane determined by the axes of the two and PC2 (blue -strong deterrents of Leptinotarsa decemlineata Say larvae and beetles; red -strong deterrents of larvae; green -strong deterrents of beetles; black -weak deterrents).
principal components that were not compliant with their determined biological activity.
The PCA analysis resulted in grouping of pest feeding deterrents that generally corresponds to their determined biological classification. Based on these results, it can be concluded that principal component analysis of retention parameters determined in the appropriately designed chromatographic systems may prove useful for preliminary selection of newly synthesized compounds for which biological activity is expected. Moreover, the results of PCA analysis suggest that chromatographic lipophilicity parameters may exhibit a high predictive value in QSAR analysis.
The lipophilicity of a substance is one of the parameters influencing its biological activity, and it is well known as a prime physiological descriptor of compounds with relevance to their biological properties [60] . According to Hansch et. al [61] , ideal compounds would have logP~2; compound 14, with logP=1.94, would meet this criterion.
Conclusion
In this study, lipophilic parameters of a series of alpha-asarone derivatives were determined through experimental, chromatographic and theoretical calculations.
LogP values calculated for homologues 7-36 corresponded with experimentally determined logP OW and logk w values, while for isomers 1-6, there was better agreement only between lipophilicity determined using RP-HPLC logk w values and experimentally determined logP OW values. Software packages are not able to account for the conformation and the hydrogen-bonding ability of molecules. The values of compounds 1-6 represent similar lipophilicity ranges (2.27-3.09), and it is probable that the presence of weak intramolecular and intermolecular hydrogen bonds is responsible for the poor correlation with computed values.
The results of this study documented that the determination of lipophilicity using the RP-HPLC method is a practical and a reasonable option for all groups of compounds investigated, and is particularly advisable for analysis of large sets of samples with higher lipophilicity. The logk w values obtained can be regarded as hydrophobic parameters, and were found to be in the range of 2.73-6.83.
In the present study, very good correlation was obtained between logP OW and RP-HPLC logk w values, which confirms the suitability of the methanol/water system for evaluation of the lipophilicity of the series of compounds used in the experiment. It was found that logk w values as a measure of the lipophilicity of derivatives correlate well with experimentally determined partition coefficients (logP OW ). There was significant deviation between positional isomers (-OCH 3 ) for lipophilic aromatic rings in the o-, m-, and p-positions.
The PCA analysis of retention parameters determined in appropriately designed chromatographic systems may prove useful for synthesis of compounds with expected biological activity. Moreover, the results of the PCA analysis suggest that chromatographic lipophilicity parameters may exhibit a high predictive value in QSAR analysis.
The compounds above may be included in the class of very good Coleoptera feeding deterrents. With new trends in the fight against pests in mind, namely those advocating the maintenance of a dynamic balance (homeostasis) in ecological systems, the achievement of 100% pest mortality is unfavourable for many reasons. One such reason is that every new generation of pests exhibits increased resistance due to natural selection. The current tendency in plant protection products is to reduce the population of insects rather than destroy them completely. Alpha-asarone derivatives can be used as a model of environmentally safe pesticides that reduce the insect population.
